INTRODUCTION

64
The most prominent characteristic of the deep continental subsurface is the absence of sunlight.
genomes encode for a complete fatty acid-based lipid biosynthesis pathway [13] . Other bacterial 81 and archaeal symbionts from different branches of the tree of life also do not encode for their own 82 lipid biosynthesis pathway [15] [16] [17] and at least one hyperthermophilic episymbiont 83 (Nanoarchaeum equitans) has been suggested to acquire its lipids from the host archaeon [18] . 84 However, the origin and types of lipids used by CPR bacteria remain elusive.
85
Analysis of the stable carbon isotopic ratios of lipid molecules has enabled researchers to 86 track carbon flow through communities in cases where the communities were very simple. For 87 instance, it was shown that archaea growing in syntrophy with sulfate-reducing bacteria mediate 88 the anaerobic oxidation of methane [19, 20] . This analysis was possible because the consortia were 89 based on simple bacterial and archaeal assemblages that produce diagnostic lipid types. In another 90 study, the stable carbon isotope ratios of methane and lipids were used to track the flow of carbon 91 from methane into the two species thought to be present based on rRNA sequence profiling [21] .
92
The power of this approach is limited when microbial communities are complex and contain 93 numerous organisms that produce unknown lipid molecules. In fact, lack of information about the 94 types of lipids produced by uncultivated organisms remains a major gap in microbial ecology.
95
A recent large-scale environmental genomics survey of subsurface microbial ecosystems 
122
Sampling and isotopic analysis of dissolved inorganic carbon.
123
Twenty-four groundwater samples were collected from about 8.5 m below ground surface in the 124 geyser borehole using a peristaltic pump and copper pipe. Samples were collected in 12 mL glass 125 vials. The vials were flushed with fresh geyser water and were filled underwater in a bucket that 126 was overflowing with groundwater to avoid atmospheric contact; this was confirmed by gas 127 chromatography analyses that had no detectable N2, O2, or Ar concentrations, and 100% CO2 128 composition (unpublished data). The stable carbon isotopic composition of the dissolved organic conductivity were measured in situ at the same depth using a Solinst LTC Levelogger Edge.
133
Lipidomics.
134
Methods for lipid extraction and analysis are described in detail in the supplementary information.
135
In brief, lipids were extracted using a modified Bligh and Metagenomics.
155
Methods for DNA extraction, and metagenomic sequencing are described in ref.
[10]. In brief,
156
DNA was extracted from filters using the MoBio PowerMax Soil DNA isolation kit, and library 157 preparation and sequencing were performed at the Joint Genome Institute (details on extracted
158
DNA, type of library and sequencing are provided in ref.
[10]). Quality filtered reads
159
(https://github.com/najoshi/sickle, https://sourceforge.net/projects/bbmap) were assembled using 160 IDBA_UD [24], genes were predicted using prodigal (meta-mode; [25] ). Coverage of scaffolds 161 was calculated using bowtie2 (--sensitive) [26] . Taxonomy of scaffolds was determined by 162 searching proteins against an in-house database.
164
Tracking taxa across time using ribosomal protein S3.
165
In order to get a near complete picture of specific taxa present in the samples, we extracted 166 ribosomal protein S3 (rpS3) sequences from all assembled scaffolds >1 kb using separately 167 designed HMMs for archaea, bacteria and eukaryotes (https://github.com/AJProbst/rpS3_trckr).
168
The extracted amino acid sequences were clustered at 99% 
RESULTS AND DISCUSSION
212
Microbial community profile based on marker genes 213 214
We de novo assembled 27 metagenome samples, the reads from which were previously used in a 
220
We detected a large community shift associated with transition to different eruption phases.
221
According to previously published geochemical data [10], the first phase, referred to as the and compared to the δ 13 C values of DIC and CO2 in the ecosystem ( Fig. 2A, B) . Table 1 . lysolipids, all of which contained betaine headgroups (for structural characterization see Fig. S3 ).
426
By contrast, these lipids constituted only 18% across the entire sample set. Usually bacteria only 427 contain a small fraction of lysolipids, e.g., Sulfurimonas has been reported to only contain a single 428 lysolipid with ~4% abundance [59] . Further, the abundances of several CPR bacteria also 429 correlated significantly with the abundance of specific lysolipids (Table 1) .
430
We further investigated cells that passed through a 0.2-µm filter and were collected onto a in Fig. S8 ). To further confirm these observations, we performed FTIR analysis of the cells (Fig.   434   4a ) and compared the results against a set of reference spectra (Fig. S9) . For the first PCA in the 435 3050-2800 cm -1 spectral region dominated by the aliphatic chains of the lipids, ~85% of the 436 spectral variance is explained by the first five loading vectors (Fig. 4b) . Here, the first loading 437 vector contains the 55% of the variance, with features that are similar to lyso-phosphatidylcholine;
438
with the asymmetric stretching of the CH2 peak centered at 2918 cm -1 whereas the 439 phosphatidylcholine is centered at 2922 cm -1 (Fig. 4) . The corresponding heatmap of the PC1 440 scores (Fig. 4c) shows the presence of hotspots, a few microns in diameter. The remaining 2, 3 and Genome-resolved metagenomics generated 206 new genomes from the entire sample set. 
